It is generally believed that, in Escherichia coil, adenosine 3',-5'-cyclic monophosphate (cAMP) and its receptor protein (CAP) are specifically required for transcription initiation of catabolite-sensitive operons. Mutants deficient for adenylate cyclase (cya) and for CAP (crp) are unable to metabolize a great number of carbohydrates, and the expression of catabolitesensitive operons is severely reduced. Several lines of evidence suggested, however, that cAMP is not the unique regulator of catabolite repression (1, 2). Furthermore, expression of the lactose and arabinose operons independent of cAMP and CAP has been described (3, 4) and shown to be due to specific mutations in the regulatory regions of the operons. Another category of mutants (alt mutants affecting the a subunit of RNA polymerase) (5, 6) has been obtained as Ara+ revertants from a cya strain synthesizing reduced levels of cAMP. These mutants partially overcome cAMP deficiency for ,B-galactosidase synthesis at low temperature. However, pleiotropic derepression of catabolite-sensitive operons in the absence of functional CAP has never been described. This kind of study would require, in the first place, obtaining pleiotropic carbohydrate-positive revertants (Lac+, Mal+ Ara+, Tna+) from crp mutants. Such mutants have not, as yet, been found. The rationale to search for these kinds of mutants was provided by our recent results (7) that show that the cAMP-CAP complex is involved in transcription termination, suggesting a functional relationship between this complex and the transcription termination protein rho. Therefore, we argued that if we could obtain appropriate mutants deficient in both rho and CAP activity, these might be good candidates for selecting pseudorevertants. exhibiting catabolite repression in the absence of functional cAMP-CAP complex. In the present paper we show that a specific class of double mutants, rho-crp (displaying carbohydrate-negative character), can give rise to pleiotropic carbohydrate-positive pseudorevertants exhibiting catabolite repression. This result indicates strongly that catabolite repression can take place in strains lacking functional CAP provided that they are also deficient in rho protein.
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were found to be mutated at or near the crp locus. One such mutant, RCC2, was kept for further study and was used as the parent strain in the present work.
Isolation of Pleiotropic Carbohydrate-Positive Pseudorevertants from rho-crp Mutants. An overnight culture of strain RCC2 grown in LB medium at 41'C was centrifuged, resuspended in 63 minimal medium, and plated on maltose minimal agar plates supplemented with eosin/methylene blue (109 bacteria per plate). After 48 hr of incubation at 41'C, growing clones appeared at a frequency of about . Ten independent clones were tested for growth on lactose or arabinose as carbon source. All exhibited Lac+ Ara+ Mal+ phenotype. Four of such pleiotropic carbohydrate-positive pseudorevertants will be described herein.
Functional Analysis of Mutants. As will be shown below, the pseudorevertants retained their crp mutation. According to the usual model, it therefore becomes difficult to visualize how they can express catabolite-sensitive operons in the absence of functional CAP. We therefore measured the level of expression of (3-galactosidase, amylomaltase, and tryptophanase, known to be sensitive to catabolite repression, under two extreme conditions: growth in the presence of glucose (condition of severe catabolite repression) and in the presence of succinate (catabolite-sensitive operons are fully derepressed). Cultures of strains were separately induced for f3-galactosidase (1 mM isopropylthiogalactoside), amylomaltase (10 mM maltose), and tryptophanase (10 mM tryptophan). cAMP (5 mM) was added concomitantly with the inducer. After about six generations of growth at 410C (strain PP7812 was grown at 37°C), the enzyme activities were determined. Results are expressed in units of enzyme per mg (dry weight) of bacteria. ND, not determined.
in most of the strains. The main feature of these experiments appeared when glucose was used as a carbon source: three strains were sensitive to catabolite repression exerted by glucose-i.e., the differential rates of enzyme synthesis were reduced (to different extents depending upon the strains) compared to those obtained in succinate. In one strain, CGR16, glucose did not seem to exert a catabolite repression effect because enzyme levels were not significantly different in glucose compared to succinate. In strains carrying wild-type CAP, cAMP antagonized to some extent catabolite repression exerted by glucose. As can be seen in Table 1 , cAMP stimulated ,B-galactosidase synthesis in the two parental strains (PP7811 and PP7812), whereas in strain RCC2 and its derivatives it had no effect on enzyme synthesis, as might be expected for CAP-defective mutants.
Genetic Analysis of Mutants. Our conclusions are strongly dependent on the genetic characterization of the mutantsnamely, their crp and rho ts15 characters. They were controlled as follows.
(i) crp mutation: Absence of cAMP stimulation of f3-galactosidase synthesis is circumstantial evidence suggesting that CAP is lacking in the mutants. We have also measured cAMP levels in the mutants. Indeed, it has been noted (14) that crp mutants overproduce cAMP by a factor of 3-10; this was confirmed in all our mutants (Table 2) .
P1 transduction into an aroB strain for AroB+ character resulted in 24-40% pleiotropic carbohydrate-negative bacteria. This strongly supports our assumption that the crp character was still present in the mutants. Finally, with a sensitive and specific radioimmunoassay (15) , no CAP could be detected in the extracts of our mutants.
(ii) rho tslS mutation: We have checked the presence of the rho ts15 allele by two independent criteria: measurement of relief of polarity in the gal operon and mapping of the mutation with respect to the ilv locus. Rho factor is thought to account for the major polar effects in polycistronic operons. We have previously shown that in a rho-defective mutant the rate of synthesis of the distal gene of the gal operon, galactokinase, is strongly elevated (7). Table 3 shows that galactokinase levels were very high in the mutants compared to the parent PP7811 and similar to the level obtained in strain PP7812 harboring the rho ts15 allele.
We have also transduced an Ilv-strain for Ilv+ character by using P1 grown on our mutants. In all cases, we have obtained thermosensitive transductants, albeit at rather low frequencies probably because of the deleterious effect of the presence of the rho ts allele. These results strongly suggest that our mutants have kept their rho tsl5 mutations. We indeed found that all carbohydrate-positive revertants became resistant to rifampicin (20-504,g/ml depending upon the mutants). Preliminary mapping data performed with mutants CGR11 and CGR16 were compatible with a mutation in the rpoB gene; they yielded 85% cotransduction frequency with the proximal purH marker. This result strongly suggests that a modification of the structure of RNA polymerase might have occurred.
DISCUSSION
Glucose or other rapidly metabolizable substrates in growth media elicit a severe inhibition of catabolic enzymes, a phenomenon referred to as catabolite repression (16) . According to the generally accepted model, the CAP-CAMP complex exerts a positive control at the level of transcription initiation of catabolite-sensitive operons. Several lines of evidence already suggested that cAMP might not be the unique mediator of catabolite repression (1, 2) . Moreover, our results on the involvement of the CAP-cAMP complex in transcription termination have cast some doubt on the exclusive role that is ascribed to this complex at transcription initiation. In order to establish clearly that regulation of catabolite repression can take place in the absence of CAP-cAMP, it was important to show that strains lacking CAP would exhibit this regulation. So far, no mutants have been found that express catabolite-sensitive operons in a crp background. In fact, among more than 1000 Mal+ pseudorevertants obtained at a frequency of 10-8 from various crp mutants, none was found to be Lac+ (data not shown). Our previous finding that the CAP-cAMP complex acts like an antipolar device probably by interfering with premature transcription termination uncovered a functional relationship between this complex and the transcription termination protein rho. This led us to conjecture that one might find crp mutants among thermoresistant clones isolated from a rho ts strain. We found that this was the case, provided that no other mutation such as rpsL interfered with polarity (ref. 17 and unpublished data). This result led us to infer that cAMP-CAP action at the promoter of catabolite-sensitive operons might reflect an interference with a premature action of rho. If this were the case, one could hope to find pleiotropic carbohydrate-positive pseudorevertants from our rho ts-crp background. We 
